The study of physicochemical and biological parameters can assess the trend of a lake's trophic state. A trophic state index (TSI) was used to assess eutrophication of Lake Amvrakia. Total phosphorus and chlorophyll concentrations that recorded were generally at the same level with those recorded in previous years, a fact which indicates that lake's trophic state did not change. But in the past ten years, agricultural uses have been modified by almost 25% of the catchment area, because of the major reduction of tobacco cultivation. One year of monthly monitoring, in nine sampling stations can report this result. Even if the catchment is small and the agricultural areas are the 47% of the basin, the water quality of the lake did not change. The trophic state is stable probably because the lake is deep monomictic, and seasonally anoxic. For this reason internal phosphorus contribution is very important in the deep hypolimnion.
Introduction
The state and evolution of freshwater ecosystems are affected by a variety of biotic and abiotic factors, as well as by natural and human-induced processes that may differ both in duration and intensity [1] . Lakes and rivers have important multi usage components, such as sources of drinking water, irrigation, fishery and energy production [2] . The 20th century was marked by significant changes in land use throughout the world. One of the prominent anthropogenic changes was the alteration of nitrogen and phosphorus fluxes to ecosystems [3] . In many parts of the world lake water quality has not improved consequently [4, 5] .
Eutrophication of natural and artificial lakes is a major environmental problem. It involves a change in lake status from a macrophyte-dominated clear water state to a phytoplankton-dominated turbid state, with detrimental effects to the ecosystem [6] . Phosphorus is a key limiting nutrient in freshwater aquatic ecosystems. In a phenomenon known as internal nutrient loading, nitrogen and phosphorus released into bottom waters during anaerobic conditions exacerbate eutrophication when they diffuse or mix into surface waters and stimulate phytoplankton productivity [7] .
Dissolved oxygen in the lake is one of the most important parameters because many physical and biochemical processes are controlled by it [8] . Increasingly eutrophic lakes are commonly characterised by seasonal low oxygen stress. Hypoxia and anoxia develop when oxygen consumption exceeds supply, as a result of two major factors, respiration and decomposition [9] . Severe hypoxia is defined as a threshold below which significant impacts on the biota can be observed and corresponds to dissolve oxygen concentrations below 2 mg·L −1 [10, 11] . Thermal stratification adversely influences the uniform oxygen distribution in the lake water column, resulting in anoxic conditions and anaerobic processes in the deeper layers. Nutrients, produced near the bottom from decomposition of organic matter, cannot be used by organisms at the surface layers, unless water turn over, takes place in the fall [12] .
Several indicators, indexes and models have been developed to assess eutrophication and water quality, most being based on chemical, physical and biological parameters (nutrient and chlorophyll-a concentrations, turbidity) [13] . Carlson's trophic state index is the most widely used. A trophic state index (TSI) uses phytoplankton biomass as a basis for a continuum of trophic states of lakes and reservoirs under nutrient-limiting and non nutrient-limited conditions. Algal biomass can be estimated independently by chlorophyll pigment concentrations, Secchi depth and total phosphorus concentrations. TSI values of <30 are common among lakes of classical oligotrophy and from 50 to 70 correspond to classical eutrophy. Hypereutrophic conditions are common at TSI values of >70. To use the index for classifying lakes requires that a single number be generated that adequately reflects the trophic status of the lake.
Lake Amvrakia (Figure 1 ) is a deep warm monomictic and sulphate lake in Western Greece [14] . Its surface is 12 Km 2 and the drainage basin amounts to 121 Km 2 . Amvrakia is a triangularly shaped lake of tectonic origin, karstic, of semipolje type formed from deposits of Mesozoic limestone and belongs to the sulphate type, caused apparently by outcrops of gypsum in the karstic environment of the lake [15, 16] . The surface area has been significantly reduced due to a prolonged drought and draining of the northern shallow part of the basin. The water level undergoes yearly fluctuations and depends on evaporation during summer, possible underground inlets, invisible discharges and use of water for agricultural purposes. The east coast is intensively cultivated up to only few meters away from the water edge and serves as pasture land for sheep.
Lake Amvrakia is considered to be the last and deepest remains of a big lake or lagoon, situated in the same tectonic depression or on the depression's outer limits. The large lake, by various forces, was split into small lakes, one of which represents the present Amvrakia Lake. Its physical, chemical and biological parameters (temperature, dissolved oxygen, conductivity, pH, total phosphorrus, total nitrogen, phosphate, nitrate, nitrite) have been documented in the past [14, 15, 17, 18] .
Until recently, the main cultivation around the lake was tobacco. Tobacco cultivation develops in low fertileity soil in mountainous or semi-mountainous regions. It was developed in the prefecture of Aitoloakarnania at the end of the 19 th century. The prefecture has been the country's major producing area of tobacco. The city of Agrinio cultivated its own distinct type of tobacco. However, from 1/1/2006, with the Common Agricultural Policy (CAP) reform in relation to tobacco cultivation, the tobacco production has a significant reduction of about 80% in Greece and, specifically, 100% reduction in the prefecture of Aitoloakarnania. As a result, tobacco producers turned to other cultivations such as vegetables, olives, corn, aromatic plants and biological cultivations.
The aim of this study is to assess the trend of the trophic status of Lake Amvrakia by describing the physical and chemical parameters and also to describe the development, seasonality and evolution of hypoxia/anoxia in the lake. This work also aims to estimate if the land use changes, affected the trophic status of the lake the last years.
Materials and Methods

Study Area and Sampling Strategy
The monitoring period lasted for one year (March 2007 -February 2008 . Nine sampling stations were selected according to land uses around the lake (Figure 1) . Five stations were in the littoral zone (A1, A2, A3, A4, A8) and samples were taken from surface and four stations were in the pelagic zone (A5, A6, A7, A9) and samples were taken from surface and maximum depth of each station. The concentrations of total phosphorus and total nitrogen as well as phosphate, nitrate, nitrite and sulfate were measured. Physicochemical parameters such as temperature, pH, dissolved oxygen, conductivity and redox potential as well as their temporal and spatial distributions were also measured in situ. 
Physicochemical Parameters
Analytical Techniques
To analyze total nitrogen and total phosphorus, samples were digested with peroxodisulfate digestion procedure to convert the various forms of nitrogen and phosphorus into nitrate and dissolved orthophosphate respectively.
For the measurement of total nitrogen, we added potassium peroxodisulfate and sodium hydroxide in 10 mL of sample. Then we put them in a thermoreactor for 60 min at 120˚C. Next in a solution acidified with sulfuric and phosphoric acid, we added 1 mL of the sample and 1 mL 2,6-dimethylphenol (DMP) to form 4-nitro-2, 6-dimethylphenol that is determined photometrically at 340nm at a Perkin Elmer Lamda 35 UV-Vis with quartz cuvettes of 1cm.
For the measurement of total phosphorus, we added sulfuric acid and potassium peroxodisulfate in 10 mL of sample. Then we put them in a thermoreactor for 60 min at 120˚C. In sulfuric solution orthophosphate ions react with molybdate ions to form molybdophosphoric acid. Next we added ascorbic acid that reduces this to phosphomolybdenum blue (PMB) that is determined photometrically at 880nm at a Perkin Elmer Lamda 25 UVVis with quartz cuvettes of 5 cm.
For the measurement of nitrate, nitrite, phosphate and sulfate we made a calibration curve using a standard solution that contained seven anions. According to that curve we determined the ions that were detected in each sample with a Dionex ICS-1500 ion chromatograph equipped with a Dionex AS9-HC separation column, a Dionex AG9-HC guard column and a Dionex ASRS conductivity suppressor. The eluent we used was 9 mM Na 2 CO 3 at a flow rate of 1.0 ml·min ) measurements were always the first taken from the sampling bottle immediately after the sampler was back on board, taking special care to obtain samples with minimum aeration. To preserve samples for total sulfide determination, zinc acetate and sodium hydroxide solutions were put into the bottles before filling them with sample. Four drops of 2N zinc acetate solution per 100 mL sample were used, while the final pH was always at least 9. The bottles were always filled completely and caped immediately. Water samples for sulfide analyses were measured unfiltered and freshly within 24 h using the iodometric method (Standard Methods 4500 -S −2 F).
Trophic State Index (TSI)
As mentioned above, the trophic state index is a useful tool for assessing the lake's status. The actual equations to compute TSI were derived from a data set of 60 to 150 northern natural lakes [13] . TSI is calibrated so that an increase in phosphorus concentration corresponds to an increase of algae amount and a decrease of transparency. Trophic state index can be computed from Secchi disk transparency, chlorophyll-a and total phosphorus according to the following equations: 
where Chl = chlorophyll-a pigment concentrations (mg·m
) and TP = total phosphorus concentrations (mg·m
).
Chlorophyll-a
Water samples (1.5 L) were filtered and the filter was placed into a 50 mL falcon. 10 mL of acetone were added into the falcon and the filter was pulped and put into the fridge for 20 -22 hours. Then, the filter was cen- 
Results and Discussion
The vertical distribution of physicochemical parameters measured from March 2007 until February 2008 in the sampling station (A5) of Lake Amvrakia is shown in Figures 2-4 . This station is located in the deepest part (45 m) of the lake and is considered to be the most representative for the changes monitored along the entire water column of the lake. All the physicochemical parameters were measured the entire monitoring period but only those that present a significant seasonal variation ill be discussed. w 
Temperature
Lake Amvrakia is a deep warm monomictic lake and circulates freely once a year. Stratification of the lake started in March and from this time the thermocline (10 -20 m) remained stable until November. Temperatures varied from 14.02˚C to 27.11˚C in surface and 11.31˚C to 11.84˚C, in the hypolimnion. Turnover started to appear in December where the metalimnetic thermocline sinks to about 25 m and this gradual cooling of the water column lasted until the end of February. During turnover, temperature had a uniform distribution from surface to bottom of the lake (Figure 2 ).
Dissolved Oxygen
Dissolved oxygen is reduced with depth throughout the whole monitoring period. Anoxic conditions occurred in hypolimnion just at the time that stratification began. Loss of oxygen from the hypolimnion results primarily from biological oxidation of organic matter in the water and at the sediment-water interface, where bacterial decomposition is greater. Only in March 2007 oxygen concentrations were above 0.8 mg·L −1 in hypolimnion (Figure 3) . During summer the highest values were observed in metalimnion and varied from 15.6 mg·L −1 to 16 mg·L
, as a result of oxygen produced by algal populations that develop more rapidly than they sink out of the lower water strata. The same distribution was observed during autumn and winter, with anoxic conditions dominating in hypolimnion. During turnover, oxygen-saturated water extends deeper into the hypolimnion and when circulation is complete, oxygen concentrations remain at saturation in accordance with solubilities at existing temperatures.
Due to technical problems with the sensor of dissolved oxygen, there are no measurements for February 2008. Despite that and according to the temperature and redox (ORP) measurements (Figure 4) , it is assumed that hypolimnion is not anoxic during February (Figure 3) . In particular, during turnover with progressive deepening of the epilimnion, the circulation of oxygen saturated water extends deeper in the hypolimnion. Also, redox potential values remain positive as long as some dissolved oxygen is present in the water and February is the only month that redox potential is positive at the entire water column.
ORP
Redox (Eh) potential values distribution follow the distribution of dissolved oxygen (Figure 4) . As oxygen concentrations approach zero and anoxic conditions appear, as in the lower hypolimnion and near the sediments, the Eh decreases precipitously. A high redox potential is related to well oxygenated environments. This is mainly due to that dissolved oxygen has a very high affinity for electrons (e − ). In particular, during spring values above zero were observed in the epilimnion and metalimnion and then reduced below zero. The lowest values were observed during September. The same distribution was observed in summer with negative redox potential below 15 m. During the period September-January values of redox potential are negative from surface to bottom and decline with depth. Only February values are positive towards the entire water column (Figure 4) . This is a reason why we believe that hypolimnion is not anoxic during this month.
Transparency
Secchi disk transparency is one of the simplest measurements to determine lake's trophic status. According to Carlson (1977) Secchi disk values greater than 8 m correspond to oligotrophic lakes while values less than 2 m correspond to eutrophic lakes. In Amvrakia lake Secchi disk values ranged from 3.5 m to 9 m the whole monitoring period. Lower transparency values were observed at station A7 while higher transparency values were observed at station A5 and A6. Low transparency values were observed from April until July, then increased until October with transparency values of up to 9 m and then diminished. This phenomenon is due probably because of the turbidity created by the annual autumn-winter runoff.
Chlorophyll-a
Chlorophyll-a concentrations at station A5 varied during the whole monitoring period with concentrations varied from 0.2 mg·m −3 to 4.6 mg·m −3 . The highest concentrations were observed during August (11.4 -12.1 mg·m
−3
According to chlorophyll-a lake classification, chlorophylla concentrations lower than 1 mg·m −3 corresponds to oligotrophic lakes while concentrations greater than 20 mg·m −3 correspond to eutrophic lakes [13] .
Chemical Parameters
Total phosphorus concentrations did not show a significant variation throughout the whole monitoring period, with very low concentrations observed in the surface samples. In Figure 5 , we observed that the mean surface water TP concentrations are very low in contrast with the mean bottom water concentrations. The reason for this is the production of phosphorus from the bottom sediment. This is the result of seasonally anoxia created in the hypolimnion from late summer until late winter. An outcome of this is the increase of concentration of total phosphorus in the entire water column after the February mixing. We believe that high internal phosphorus contribution, is the reason for the stabilization of the phosphorus concentration during the last years. Total nitrogen concentrations show a significant spatial and temporal variation and ranged from 0.02 mg·L . The lower values were observed mainly at the northern part of the lake during spring and summer and increased after September. Higher values were observed at the main body of the lake. The reason for these high sulfate concentrations is that Lake Amvrakia belongs to the sulphate type of lakes, caused by the presence of gypsum at the lake's bottom.
Sulfide concentrations were detected mainly at the bottom layer of Amvrakia Lake below 20 m. They ranged from 0.2 mg·L −1 to 8.08 mg·L
, with the lower values observed in July. According to the vertical distribution, in general, sulfide concentrations appear at 20 m and increase with depth. The higher concentrations were observed in December at the depth of 40 m. This is probable H 2 S developed under the anoxic conditions of the hypolimnion. Table 1 shows the area of land uses in drainage basin in 2007 (Figure 6 ). The data from for this table is estimated from the Greek land use maps of 1985, satellite images and the field work of our survey in 2007. It is obvious that agricultural uses have been modified significantly by 25.6% of the catchment area. This is mostly happening because of the tobacco cultivation reduction. In the past ten years most of the tobacco fields are not being used. The result of this practice is the limitation of fertilizers entering into the lake from runoff or groundwater discharge. In Figure 6 we can see the areas that have mostly changed in the eastern part of the lake and close to the coastline. The non-modified agricultural areas are the olive tree cultivations, which still exist in the basin. Figure 7 demonstrates the Trophic State Index (TSI) of Lake Amvrakia. It can be seen that Amvrakia is classified as mesotrophic to eutrophic, according to TP measurements and as mesotrophic according to transparency and chlorophyll-a measurements. All values are above zero and suggest increasing possibility of P limitation. According to Danielidis et al. [14] Amvrakia is classified as oligotrophic to mesotrophic lake with regard to absolute total nitrogen and phosphorus values, but as far as it concerns the trophic state index, lake Amvrakia is classifies as mesotrophic. After the recent land use change around Lake Amvrakia and according to the measurements in this study, it is obvious that phosphorus concentrations did not change significantly.
Land Use Change
Trophic State Index (TSI)
Conclusions
Lake Amvrakia has been documented mainly the period where the main cultivation around the lake was tobacco. After the removal of tobacco, there are no measurements about the current trophic status of the lake. This study aims to describe the development, seasonality and evolution of hypoxia/anoxia in the lake and also aims to estimate if there is a change in the trophic status during the last years. Anoxia was the main characteristic of hypolimnion during stratification but oxygen saturation values were recorded in the entire water column during turnover and early stratification [14] . In this study anoxic conditions dominated in hypolimnion during the entire monitoring period except March 2007 and February 2008 where we assume that because of turnover, oxygen values were above 0 mg·L −1
. As a result, Lake Amvrakia is not permanently anoxic but seasonally anoxic, and the turnover takes place during February-March.
In general, it can be noticed that dissolved oxygen is decreased with depth. Only in February, that the entire water column is mixed, the hypolimnion is not anoxic. The low oxygen concentrations in hypolimnion are a characteristic of eutrophic lakes. Lake Amvrakia is not eutrophic but exhibits hypoxia because of its great depth and not of its trophic status. Total phosphorus concentrations that were recorded in previous studies were generally at the same values as in our study. Lake Amvrakia is characterized as mesotrophic. The trophic state is stable probably because the lake is monomictic, and seasonally anoxic. For this reason internal phosphorus contribution is very important in the deep hypolimnion. The winter mixing contributes large amounts of phosphorus in the water column and the lake cannot change its trophic status.
Total nitrogen concentrations were generally similar as the previous studies and the same was observed for nitrate and nitrite concentrations. Sulfate concentrations measured in this study were also similar with those measured in Koussouris [19] and did not show any significant changes.
Twenty years ago [14] , the lake was mesotrophic, while in our days its status remains the same. The trophic state did not change in the lake, even if the land uses have change by almost 25% in the catchment (Figure 7) . In our view the trophic state is stable because the lake is monomictic and seasonally anoxic. Internal phosphorus contribution is the reason for the stabilization of the phosphorus concentration.
